between the older trained and untrained groups, whereas brachial artery retrograde and oscillatory shear were greater in older untrained compared to young adults (−5.0 ± 3.4, 0.08 ± 0.05 s −1 arbitrary units, P = 0.017 and 0.048, respectively). There was no difference between the young and older trained brachial retrograde (P = 0.29) and oscillatory (P = 0.07) shear. Common femoral artery retrograde (−6.3 ± 2.9 s arbitrary units, P = 0.81 and 0.87, respectively). Conclusion Our results suggest that chronic endurance exercise training in older adults ameliorates retrograde and oscillatory shear rate patterns, particularly in the common femoral artery.
Introduction
Peripheral conduit arteries often present with a bidirectional blood flow pattern across the cardiac cycle. That is, there is antegrade flow towards the periphery during systole followed by a brief episode of retrograde flow directed back toward the heart during diastole (Blackshear et al. 1979) . This pattern of blood flow results in oscillations in the frictional forces (i.e., shear stress) exerted on the arterial wall, 1 3 which consequently influences endothelial cell function. In this context, in vitro data from endothelial cells in culture, of isolated arteries, and of arteries in intact animals suggest that antegrade shear is thought to be beneficial and promote an antiatherogenic endothelial phenotype Wang et al. 2013) , whereas increased retrograde and oscillatory shear can induce proatherogenic effects on endothelial cells (Chien 2008; Conway et al. 2010; Hahn and Schwartz 2009; Lu and Kassab 2004) . Evidence in humans further demonstrates that acute (30 min) and longer term (2 weeks) increases of retrograde and oscillatory shear impair endothelial function in young adults (Schreuder et al. 2014; Thijssen et al. 2009 Thijssen et al. , 2015 Johnson et al. 2013; Totosy de Zepetnek et al. 2014) . Of clinical importance, arterial regions characterized by an oscillatory shear stress environment are correlated with the localization of atherosclerotic plaque (Ku et al. 1985) . Moreover, the peripheral conduit arteries of the lower limbs, vascular regions characterized by elevated levels of oscillatory shear (Wu et al. 2004; Newcomer et al. 2008) , demonstrate a greater prevalence and severity of atherosclerosis compared to conduit arteries of the upper extremities (Kroger et al. 1999; Stary et al. 1995) .
We and others have demonstrated that aging is associated with greater retrograde and oscillatory shear under resting conditions in both the brachial and femoral arteries of humans (Casey et al. 2012; Padilla et al. 2011b; Young et al. 2010) . The age-related increases in retrograde and oscillatory shear in the brachial artery have been attributed to an enhanced α-adrenergic vasoconstriction and/ or reduced nitric oxide bioavailability in the downstream resistance vessels (Casey et al. 2012; Padilla et al. 2011b ). However, the previous studies reporting age-associated alterations in shear patterns have only been performed in older adults who were sedentary or moderately active with no formal exercise training. There is strong evidence from cross-sectional observations as well as exercise training studies that chronically endurance-trained older adults demonstrate profound improvements in measures of peripheral vascular and endothelial function (DeSouza et al. 2000; Pierce et al. 2011a, b; Seals et al. 2008; Taddei et al. 2000) . Furthermore, regular exercise and physical activity have been shown to reduce the risk of cardiovascular disease across the lifespan, as well as extend longevity (Blair and Morris 2009 ). To our knowledge, there are no reports addressing whether exercise training has favorable effects on peripheral conduit artery shear profiles. In addition, it is unknown whether the potential favorable effects would be more apparent in conduit arteries supplying blood flow to muscle mainly involved in most endurancetype exercise and/or peripheral arteries more susceptible to atherosclerotic development (i.e., common femoral artery). Therefore, in a cross-sectional study, we tested the hypothesis that chronic endurance exercise training is associated with an attenuation of the expected age-related increase in peripheral conduit artery retrograde and oscillatory shear, and this exercise-induced benefit on shear rate patterns would be more evident in the common femoral artery of older adults.
Methods

Subjects
Thirteen young (24 ± 2 years) and 33 older (66 ± 6 years) adults volunteered to participate in this study, which was part of a larger protocol with some of the data previously published (Hughes et al. 2016) . All subjects completed a general health history screening and written informed consent and were generally healthy, free of any diagnosed cardiovascular or metabolic complications, nonobese (body mass index: ≤30 kg/m 2 ), nonsmokers, and not taking any vasoactive medications. The young subjects were self-reported as sedentary or recreationally active, with no regular physical training. The older adults consisted of two separate groups based on reported exercise history. One group (n = 17) was self-reported as sedentary or recreationally active, with no regular physical training and thus classified as the 'older untrained' group. The other group of older adults (n = 16) self-reported chronic endurance exercise training ≥4 days per week and ≥1 h per day for at least the past year and were classified as the 'older exercise-trained' group. On average, the older exercise-trained adults reported meeting these training requirements for the past 19 ± 13 years and several of them were still actively competing in races (both running and cycling). Eight subjects (four older trained, three older untrained, and one young) reported taking a daily multivitamin, five (three older trained and two older untrained) reported taking vitamin D, four (three older trained and one older untrained) reported taking calcium, and seven reported taking fish oil. Subjects taking vitamins and/or supplements were asked to withhold them for 3 days prior to their study visit. Blood flow studies were performed after an overnight fast, and subjects refrained from exercise, alcohol, and caffeine for 24 h before reporting to the laboratory. All measurements (aside from maximal exercise testing) were performed in the morning between the hours of 7:00-9:00 a.m. in a quiet, light-attenuated room with stable ambient temperature ~22 °C. Young female subjects were studied during the early follicular phase of their menstrual cycle or the placebo phase of oral contraceptives to control for the potential influence of sex hormones on primary outcome variables (Minson et al. 2000) . All older female subjects were post-menopausal and were not taking any form of hormone 1 3 replacement therapy. All study protocols were approved by the Institutional Review Board at the University of Iowa.
Brachial and femoral artery blood flow
Brachial artery and common femoral artery (~2-3 cm proximal to bifurcation) mean blood velocity and diameter were determined with a 12 MHz linear-array Doppler probe (model M12L; Vivid 7, General Electric, Milwaukee, WI). Blood velocity was measured with a probe insonation angle previously calibrated to 60°. Sample volume was adjusted to cover the width of the brachial and common femoral artery to encompass the entire lumen of the vessel, and the cursor was set at mid-vessel. Measured velocity waveforms were synchronized to a data acquisition system (WinDaq; DATAQ Instruments, Akron, OH) via a Doppler audio transformer (Herr et al. 2010) . Artery diameter measurements were obtained at end diastole. Brachial measurements were performed with the subject in a supine position, and femoral measurements were acquired with the subjects in a semirecumbent (~140°)-seated position. The use of a semirecumbent-seated position for the common femoral measurements was a result of this data being derived as part of a larger protocol that involved single knee extensions on a custom-made leg ergometer that did not allow the seat to recline to a fully supine position (Hughes et al. 2016) . All blood flow and shear data collected for the present study were performed under resting conditions and prior to any single knee extensions used for the aforementioned larger study (Hughes et al. 2016) . Limb blood flow was calculated as the product of mean blood velocity (cm s −1 ) and artery cross-sectional area (cm 2 ) and expressed as milliliters per minute (ml min
−1
). All blood flow measurements were performed and analyzed by a single investigator.
Blood pressure
Brachial artery pressure was measured in duplicate and averaged using an automated cuff (Cardiocap/5, DatexOhmeda, Louisville, CO, USA) at the beginning of each subject's study visit following 15 min of supine rest. If the two consecutive blood pressure measurements (systolic or diastolic) differed by more than 5 mmHg, a third was taken. In addition, systemic blood pressure was assessed (beat-tobeat) via finger plethysmography (Nexfin; Edwards Lifesciences, Irvine, CA) throughout the blood flow measurements and used to estimate vascular resistance in the arm and leg.
Measurement of exercise capacity
On a separate day (preceding the actual blood flow study day), peak exercise oxygen consumption (VO2peak) was determined in all subjects using 12-lead ECG and respiratory gas analysis (Parvo Medics TrueOne 2400, Sandy, UT, USA) during incremental treadmill exercise using a Bruce protocol performed to exhaustion as previously described (Fielding et al. 1997) . Graded maximal exercise testing was performed to evaluate exercise capacity differences between groups as well as to rule out clinical evidence of cardiopulmonary disease. All subjects that volunteered for this study and underwent the 12-lead ECG exercise stress test did not demonstrate any signs of coronary heart disease (i.e., angina and/or ECG changes).
Data analysis and statistics
Data were collected at 250 Hz, stored on a computer, and analyzed offline with the signal-processing software (WinDaq, DATAQ Instruments, Akron, OH). Mean arterial pressure (MAP) was determined from the Nexfin pressure waveform. Time-average mean blood velocity (i.e., velocity over the entire cardiac cycle), antegrade mean velocity (i.e., velocity during the systolic phase of the cardiac cycle), and retrograde mean velocity (i.e., velocity during the diastolic phase of the cardiac cycle) were calculated. Diameter and velocity measures were used to estimate brachial and common femoral artery shear rates. Mean shear rate (s −1 ) was defined as 4 Vm/D, where Vm is mean blood velocity (cm s
) and D is arterial diameter (cm) (Casey et al. 2012; Padilla et al. 2009 Padilla et al. , 2011b . For calculations of antegrade and retrograde shear rate, antegrade and retrograde mean that blood velocities were used, respectively. Oscillatory shear index is a dimensionless parameter that can be used as an indicator of the magnitude of oscillation and can be defined as follows: |Retrograde shear|/(|Antegrade shear| + |Retrograde shear|) (Casey et al. 2012; Padilla et al. 2009 Padilla et al. , 2010 Padilla et al. , 2011b . Note that the values for oscillatory shear range from 0 to 0.5, where a value of 0 corresponds to a unidirectional shear rate throughout the cardiac cycle, and a value of 0.5 represents pure oscillation with a time-average shear equal to 0. Estimated vascular resistance for each limb was calculated as mean arterial pressure/blood flow and expressed as millimeters of mercury per milliliter of flow per minute (mmHg ml −1 min −1 ). All measurements were averaged over the last minute of data collection. The analysis of velocity profiles and calculation of shear rates were performed by a single investigator. Previous pilot data from our lab in young and older adults demonstrate excellent intraclass correlation coefficients for retrograde shear rate and oscillatory shear index in the brachial (0.93-0.98) and common femoral artery (0.94-0.99) over multiple measurements on a single day, respectively.
All values are expressed as mean ± SD unless stated otherwise. Descriptive statistics were used to characterize the young and older groups of subjects. One-way analysis of 1 3 variance (ANOVA) tests was used to compare shear values in the brachial and common femoral artery between subject groups. When significance was detected, Tukey's post hoc analysis was used to identify differences between groups. Pearson's correlation coefficients were calculated to assess the relationship between shear and vascular resistance. All statistical analyses were completed using the SigmaPlot software version 11.0 (Systat Software Inc., San Jose, CA). Statistical difference was set a priori at P ≤ 0.05.
Results
Subject characteristics are shown in Table 1 . All three groups (young, older untrained, and older trained) were of similar height, weight, and body mass index. In addition, the three groups exhibited similar brachial blood pressures. However, older untrained adults demonstrated lower peak exercise oxygen consumption (VO2peak) compared to the young (P < 0.001) and older exercise-trained (P = 0.02) groups.
Shear rate patterns
Resting brachial and common femoral artery diameters and velocity profiles are summarized in Table 2 . Brachial artery retrograde and oscillatory shear were similar between the older untrained and exercise-trained groups (P = 0.35 and 0.99, respectively; Fig. 1a, b) . However, the older untrained adults demonstrated greater brachial retrograde and oscillatory shear compared to young adults (P = 0.017 and 0.048, respectively; Fig. 1a, b) . Common femoral artery retrograde and oscillatory shear was greater in older untrained adults compared to young adults (P = 0.041 and 0.002, respectively; Fig. 2a, b) . Conversely, older exercise-trained adults demonstrated reduced retrograde and oscillatory shear in the common femoral artery compared to the older untrained adults (P = 0.005 and 0.006, respectively) and similar retrograde and oscillatory shear as the young group (P = 0.81 and 0.87, respectively, Fig. 2a, b) .
Limb vascular resistance
Regional estimates of vascular resistance in the arm (2.58 ± 0.98 vs. 2.26 ± 0.65 vs. 2.55 ± 1.05 mmHg ml −1 min −1
; P = 0.56) and leg (0.56 ± 0.13 vs. 0.71 ± 0.36 vs. 0.61 ± 0.25 mmHg ml −1 min −1
; P = 0.32) did not differ between the young, older untrained, and older trained groups, respectively. However, moderate correlations between vascular resistance and retrograde and oscillatory shear were observed in both the arm and leg of the entire group (Fig. 3) . When separated by group, arm vascular resistance was inversely related to retrograde shear for the older untrained adults only (r = −0.68, P = 0.003) and positively related to oscillatory shear in both the older untrained (r = 0.75, P < 0.0001) and trained groups (r = 0.61, P = 0.01). In the leg, vascular resistance was only related to oscillatory shear in the older untrained adults (r = 0.57, P = 0.02).
Potential sex-related differences
Due to the similar male-to-female ratio in each group, we examined whether potential sex-related differences in shear profiles existed in the current study cohort. Comparing each sex as a whole (not separated by groups), women demonstrated a greater antegrade shear in the brachial (93.5 ± 33.5 vs. 56.7 ± 25.3, P < 0.001) and common femoral artery (31.5 ± 11.8 vs. 22.6 ± 8.5, P < 0.01) compared to men. No differences in retrograde shear were noted in the brachial (−10.8 ± 10.2 vs. −8.3 ± 4.8, P = 0.27) or common femoral artery (−8.4 ± 4.4 vs. −7.8 ± 3.6, P = 0.61) in all women vs. men. Consequently, there was a trend for a lower oscillatory shear in the brachial (0.10 ± 0.07 vs. 0.14 ± 0.08, P = 0.06) and common femoral artery (0.21 ± 0.07 vs. 0.26 ± 0.10, P = 0.09) in women. Examining the correlations between vascular resistance and shear rate patterns revealed stronger relationships in men compared to women for retrograde shear in the arm (r = −0.63 vs. −0.08) and leg (r = −0.48 vs. −0.20), as well as oscillatory shear in the arm (r = 0.74 vs. 0.32) and leg (r = 0.64 vs. 0.28).
Mean values for each sex within each group are presented in Table 3 . When separated by group, brachial artery antegrade shear was higher in older women (both untrained MAP (mmHg) 87 ± 6 91 ± 8 92 ± 8 VO2 (ml/kg/min) 43.3 ± 9.3 30.2 ± 5.9* 37.5 ± 7.6 † and trained) compared to their male counterparts. No other within group sex differences in brachial shear patterns were noted. In the common femoral artery, the only sex-related differences noted were greater antegrade shear and lower oscillatory shear in older untrained women compared to men.
Discussion
Previous studies have demonstrated that aging is associated with increased levels of retrograde and oscillatory shear in peripheral conduit arteries of humans (Casey et al. 2012; Padilla et al. 2011b; Young et al. 2010 ). In the present study, we aimed to examine whether the increase in conduit artery retrograde and oscillatory shear with aging is offset with the long-term endurance exercise training. Our primary novel findings indicate that the age-related changes in shear rate patterns can be improved with chronic endurance exercise training in apparently healthy older adults, and this benefit might be limb and/or artery specific. That is, endurance exercise-trained older adults demonstrate significantly lower retrograde and oscillatory shear in the common femoral but not brachial artery, compared to their less active (untrained) counterparts. Moreover, the conduit artery shear patterns in older adults that have engaged in the long-term endurance exercise resemble that of young adults.
Although aging is associated with arterial dysfunction at the conduit artery and microvascular level (Celermajer et al. 1994; Gerhard et al. 1996; Taddei et al. 1995; Seals et al. 2014) , there is substantial evidence supporting the 6.4 ± 2.9 7.2 ± 1.8 6.4 ± 2.5
Retrograde mean velocity (cm s ) 4.7 ± 1.3 3.7 ± 2.5 4.4 ± 1.7
Mean shear rate (s −1 ) 21.9 ± 6.9 16.4 ± 12.4 17.6 ± 7.6
Antegrade mean velocity (cm s −1 ) 6.3 ± 1.6 6.0 ± 2.7 5.9 ± 1.8
Retrograde mean velocity (cm s benefits of exercise training and physical activity on measures of endothelial function in older adults. Indeed, both habitual endurance exercise as well as shorter term (i.e., 8-12 weeks) exercise interventions have been shown to be effective in ameliorating the age-associated decrements in brachial artery flow-mediated dilation (Eskurza et al. 2005; Pierce et al. 2011a; Yoshizawa et al. 2010; Akazawa et al. 2012; Pierce et al. 2011b ) and acetylcholine mediated vasodilator responsiveness (Taddei et al. 2000; DeSouza et al. 2000) in humans. In the current study, we report another potential vascular benefit of the long-term exercise training in older adults. That is, chronically endurance exercise-trained older adults demonstrate an improved resting shear profile (i.e., reduced retrograde and oscillatory shear) in the conduit arteries compared to their age matched sedentary counterparts. Considering the majority of the older exercise-trained adults in the present study performed exercises mainly involving muscles of the lower body (i.e., running or cycling), the more pronounced improvements in common femoral artery retrograde and oscillatory shear were not that surprising (Fig. 2) . In addition to being a potential benefit of exercise training, the improved shear patterns could also serve as a possible mechanism for the exercise-induced improvements in endothelial function commonly reported in older adults (Akazawa et al. 2012; DeSouza et al. 2000; Eskurza et al. 2005; Pierce et al. 2011a, b; Taddei et al. 2000; Yoshizawa et al. 2010) . Along these lines, the transient removal of retrograde and oscillatory shear, in conjunction with increased antegrade shear, augments flow mediated dilation in young adults ). This possibility is further supported by observations that acute exercise abolishes the age-related increase in retrograde shear in the brachial artery (Padilla et al. 2011b ). However, the majority of studies demonstrating the beneficial effects of exercise on endothelial function in older adults have primarily used measures involving the brachial artery or forearm vasculature (Akazawa et al. 2012; DeSouza et al. 2000; Eskurza et al. 2005; Pierce et al. 2011a, b; Taddei et al. 2000; Yoshizawa et al. 2010 ). In the current study, retrograde and oscillatory shear were not different in the brachial artery between the older untrained and trained groups. Conversely, while we observed marked improvements in the resting common femoral artery shear profile, the previous studies have suggested that exercise training does not improve endothelial function of the conduit arteries in the lower limb of healthy older adults (Wray et al. 2006) . Therefore, it is unclear whether improvements in resting conduit artery shear patterns with the long-term exercise training actually contribute to improved endothelial function in older adults. In this context, the resting shear might not influence function, whereas the repeated episodes of antegrade and mean shear represent the primary physiological signal for endothelial adaptations to exercise training (Padilla et al. 2011a) .
The idea that aging is associated with increases in retrograde and oscillatory shear in the femoral artery that was originally reported by Young and colleagues has recently been challenged. Evidence from Trinity et al. (Trinity et al. 2014) suggests that although aging is associated with reductions in femoral artery mean shear rate, it is primarily a result of reductions in antegrade shear and not an elevation in retrograde shear. The reason for the discrepancy between these two aforementioned studies is not entirely clear but has been attributed to differences in age (60 vs. 75 years) and femoral artery diameter (0.86 vs. 1.05 cm) between the two respective older groups. Other contributing factors that could possibly explain why Trinity et al. (Trinity et al. 2014) failed to detect age-related differences in retrograde shear may be explained by their small sample size (n = 8) or the inclusion of only men. Whereas the study by Young and colleagues ) included a significantly greater number of older adults (n = 18) and included both men and women. The inclusion of women likely explains the differences in femoral artery diameter between studies. Our current data in older untrained adults which included a similar number of subjects (n = 16) and included both sexes are in agreement with Young and colleagues , in that retrograde shear appears to be increased in the common femoral artery. Despite the differences and similarities between ) Males (n = 10) −5.5 ± 3.4 −10.7 ± 4.9 −8.14 ± 4.9 Females (n = 7) −4.1 ± 3.4 −15.3 ± 10.6 −11.23 ± 7.9
Oscillatory shear index (a.u.)
Males (n = 9) 0.09 ± 0.05 0.16 ± 0.09 0.16 ± 0.09 Females (n = 7) 0.05 ± 0.03 0.14 ± 0.07 0.12 ± 0.08
Common femoral artery
Antegrade shear rate (s our data and those previously published in untrained older adults, the novel finding of the present study is chronic exercise training can ameliorate the retrograde and oscillatory shear pattern in the common femoral artery and thus effectively eliminate the observed age-related differences (Fig. 2) . The mechanism(s) by which the long-term exercise training improves conduit artery shear patterns in older adults is presently unknown but could be explained by factors, such as enhanced nitric oxide (NO) mediated vasodilation and/or decreased sympathetic vasoconstrictor restraint in the downstream resistance vasculature. Along these lines, acute inhibition of NO synthase in the forearm circulation of young adults increases retrograde and oscillatory shear (Padilla et al. 2011b ) as well as decreases antegrade and increases retrograde and oscillatory shear in the femoral artery of both young and older adults (Trinity et al. 2014 ). In addition, lifelong physical activity and exercise have been linked to preventing age-related reductions in arterial and skeletal muscle NO bioavailability (Nyberg et al. 2012; Taddei et al. 2000) . Taken together, these studies suggest that increased NO bioavailability and/ or enhanced NO-mediated vasodilation in the resistance vessels could contribute to the improved shear patterns in upstream conduit arteries in exercise-trained older adults. We have also previously demonstrated that α-adrenergic vasoconstriction of the downstream resistance vessels contributes to the age-related increases in brachial artery retrograde and oscillatory shear at rest (Casey et al. 2012) . Moreover, exercise training is effective in attenuating α-adrenergic vasoconstriction in skeletal muscle arterioles from old rats (Donato et al. 2007 ) and, therefore, is a plausible mechanism for the improvements in retrograde and oscillatory shear in exercise-trained older adults. Regardless of the precise mechanism, alterations in downstream vascular resistance are thought to play a significant role in the increased retrograde and oscillatory shear in conduit arteries of older adults. However, in the current study, we did not find statistical differences in regional estimates of vascular resistance in the arm or leg between the three groups (young, older untrained, and older trained). When comparing only the older adults, there was a trend for a reduced estimated vascular resistance in the leg (P = 0.09) of the trained group. In addition, we found moderate correlations between vascular resistance and retrograde (inverse) and oscillatory shear (positive) in the brachial and femoral artery (Fig. 3) . Direct measures of pressure in the leg, as opposed to using measures derived via finger plethysmography, would have provided a stronger estimate of regional vascular resistance and might have revealed more significant differences between older trained and untrained adults as well as stronger relationships between downstream resistance and shear rates.
Experimental considerations
In the current study, we utilized a cross-sectional approach to address whether the long-term exercise training improves shear patterns in conduit arteries of older adults. This approach resulted in a cohort of older adults that performed different modes of endurance exercise training (although the majority performed cycling, running, or a combination of the two) as well as varying lengths of exposure to training (i.e., number of years). Therefore, we are unable to ascertain whether there is a certain type of exercise or duration of training that is needed or most beneficial for improving conduit artery shear patterns. In addition, since several of the trained older adults in this study participated in formal exercise training for a large majority of their adult lives (i.e., past 30+ years), our current results do not allow us to determine if an exercise intervention would be beneficial in improving shear profiles in a group of previously sedentary older adults. The relatively small sample size for each group (13-17 subjects per group) used in this crosssectional study could also be viewed as a study limitation. However, when examining differences in two of the main outcome measures (retrograde and oscillatory shear in the common femoral artery) between groups, the power of the performed tests was 0.81 and 0.93, respectively. Another experimental consideration related to the present study is that the common femoral artery blood flow measurements were performed, while subjects were in a semirecumbant (~140°)-seated position. Recent evidence suggests that sitting (as compared to lying in a supine position) evokes a proatherogenic shear pattern in the femoral artery of young healthy adults, whereas little or no difference in the shear profile was observed in older adults between seated and supine positions (Trinity et al. 2014) . Therefore, it is possible that the age-related differences in common femoral artery retrograde and oscillatory shear previously reported might have been slightly underestimated in the current study. However, since all older adults were studied in the same position this experimental consideration should not diminish our novel finding that exercise training ameliorates the age-associated changes in common femoral artery retrograde and oscillatory shear.
Conclusion
While we have previously demonstrated that conduit artery retrograde and oscillatory shear of older subjects are reduced during acute rhythmic exercise (Padilla et al. 2011b) , the present study is the first to report a beneficial effect of chronic endurance exercise training on resting peripheral conduit artery shear profiles in older adults. Specifically, our data suggest that the age-related increases in femoral artery retrograde and oscillatory shear are prevented in older adults that have engaged in long-term endurance exercise training as opposed to those that are sedentary. We believe that these findings illustrate another positive effect of chronic exercise training on vascular function in aging humans. Moving forward it will be important to establish whether shorter term exercise interventions are effective in improving conduit artery retrograde and oscillatory shear in individuals with preexisting proatherogenic shear profiles.
